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ABSTRACT (ENGLISH) 
 
 
In this work the copolymerization between date palm wood fibers (DPWF) and some vinyl 
monomers such as methyl acrylate (MA) and Acrylonitrile (AN) was done successfully 
using free radical polymerization, parameters of graft polymerization were studied and 
optimized such as reaction temperature, reaction period, concentration of initiator, volume 
of monomer and amount of catalyst to obtained the best yield of grafting. Characterization 
was done for the fiber and copolymer using (FT-IR) spectroscopy and (SEM) to confirm 
the completion of polymerization. The (MA) and (AN) grafted copolymers was treated by 
hydroxylamine hydrochloride in order to prepare poly-hydroxamic acid and poly-
amidoxime chelating resins respectively, the formation of resins was confirmed using (FT-
IR) spectroscopy. These resins were examined to remove heavy metals ions from aqueous 
solutions. Batch technique experiments were carried out using different resins dosages, 
initial concentration and contact time. Kinetics study was done for adsorption process of 
heavy metals ions onto chelating resins and it was show agreement with pseudo second 
order kinetic model also the intraparticle diffusion model was applied. Langmuir and 
Freundlich isotherms models were applied, and Langmuir isotherm model describe the 
adsorption process better than Freundlich one. Poly- hydroxamic acid resin was showed a 
better adsorption ability than poly-amidoxime resin towards Lead (II), Chromium (III) and 
Cadmium (II) metals ions.                
 
 
Full Name : Nadir Mohammed Adam Osman 
Thesis Title : Removal of some heavy metals using resins prepared by free radical 
polymerization of grafted date-palm-wood copolymer with different 
vinyl  monomers 
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 )CIBARA( TCARTSBA
 ملخص الرسالة
 
 
 
 :  َبدس يسًذ آدو عثًبٌ الاسم الكامل
 
 إصانت بعط انًعبدٌ انثقيهت ببسخخذاو ساحُدبث  يسعشِ يٍ انبهًشة انًشخشكّ ببسخخذاو غشيقّ اندزٔس            عنوان الرسالة:
 
 انسشِ نخشب انُخيم يع عذِ إَاع يٍ يَٕيًشاث انفيُيم                        
 
 كيًيبء التخصص:
 
   2015,يبيٕتاريخ الدرجة العلميه: 
 
في ْزا انعًم عًهيّ انبهًشِ انًطعًّ  انًشخشكّ بيٍ انيبف خشب َخيم انبهر ٔبعط يُٕييشاث انفيُيم يثم انًيثيم 
اكشيلاث ٔالاكشيهَٕيخشيم حًج بُدبذ ببسخخذاو غشيقّ انبهًشِ ببسخخذاو اندزٔس انسشِ, ايعب حًج دساسّ كم عٕايم 
, صيٍ انخفبعم, حشكيض انببدئ, زدى انًًَٕش ٔكًيّ انعبيم انسفبص انبهًشِ انًطعًّ ٔحى ظبطٓب يثم دسخّ زشاسِ انخفبعم
ٔرنك بغشض انسصٕل عهي  افعم عبئذ يٍ عًهيّ انخطعيى انبٕنًشي, عًهيّ حٕصيف الانيبف ٔانبٕنيًش انُبحح حًج 
هًشِ. ببسخخذاو خٓبص يطيبفيّ الاشعّ حسج انسًشاء ٔخٓبص يدٓش انًسر الانكخشَٔي نهخبكذ يٍ اَخٓبء عًهيّ انب
انبٕنيًشاث انًشخشكّ بيٍ انيبف انُخيم ٔ انًيثيم اكشيلاث أ الاكيشنٕ َيخشيم حًج يعبندخٓب بٕاسطّ انٓيذسٔكسيم اييٍ 
اييذٔاكسيى كشاحُدبث يخهبيّ عهي انخٕاني, حى انخبكذ -ْيذسٔكسًيك اسيذ ٔانبٕني-ْيذسٔكهٕسايذ يٍ اخم حسعيش انبٕني
ني ساحُدبث يخهبيّ عٍ غشيق يطيبفيّ الاشعّ حسج انسًشاء. انشاحُدبث انًخهبيّ يٍ اكخًبل عًهيّ حسٕيم انبٕنيًش ا
انُبحدّ حى اخخببسْب في عًهيّ اصانّ ايَٕبث  انًعبدٌ انثقيهّ يٍ انًسبنيم انًبئيّ. حى اسخخذاو حقُيّ انذفعّ ببسخخذاو كًيبث 
ب صيٍ الاحصبل. دساسّ زشكيّ انخفبعم حًج يخخهفّ يٍ انشاحُدبث ٔحشاكيض بذائيّ يخخهفّ يٍ ايَٕبث انًعبدٌ ٔايع
نعًهيّ ايخضاص ايَٕبث انًعبدٌ انثقيهّ في انشاحُح انًخهبي ٔاظٓشث انُخبئح حخطببق ٔاظر نًُٕرج انشحبّ انثبَيّ انكبربّ, 
ٔايعب حًج حطبيق ًَٕرج الاَخشبس خبسج اندضيئبث. ايعب حى حطبيق ًَبرج كم يٍ لاَدًٕس ٔفشَذنيش  الايسٕثيشييّ 
ٔٔخذ اٌ ًَٕرج لاَدًٕس يًكُّ ٔصف انُخبئح بصٕسِ افعم يٍ ًَٕرج فشيُذنيش. انشاحُح انًخهبي انًسخٕي عهي 
اييذٔكسيى حدبِ ايَٕبث -ْيذسٔكسيًيك اسيذ اظٓش قذسِ عهي الايخضاص افعم يٍ انشاحُح انًسخٕي عهي بٕني-بٕني
ئي.    يعذٌ كم يٍ انشصبص انثُبئي ٔانكشٔو انثلاثي ٔانكبدييٕو انثُب
16 
 
CHAPTER 1 
 
INTRODUCTION 
Several types of trees such as rubber, coconut and palm cover great plantation areas in the 
world. These trees are almost not included in forests resources estimation which concern in 
woody biomass. They are counted as agricultural crop and considered as non-forest tree. 
However, these resources can provide valuable raw material for many uses like wood 
manufacturing or materials for households and other industries.  
Saudi Arabia is the home land of the Date Palm Tree. It represent as one of the oldest trees 
in the world with more than 10000 years of age. In 2006, 7 million tons that is a world 
production of dates and  Saudi Arabia came in second place after  Egypt in top ten  
countries in production of date  which also including Algeria, Sudan, Oman, Libya, Iran, 
United Arab Emirates, Pakistan, and Tunisia. The common name of date tree or date palm 
tree is ''Phoenix dactylifera'', characterized by pinnate, an edible fruit in the form of a drupe 
with a thin, "feather-like" gray-green leaves, papery skin, and a single, long, narrow, hard 
seed. Date palm wood has many uses such as posts and rafters for huts, because it not very 
durable and it is lighter than coconut. Another uses for date palm tree is construction of 
aqueducts, bridges and parts of boats and dhows. Moreover the residues of tree is burnt for 
fuel [1]. Date palm contain chemically three major components which it cellulose, lignin 
and hemicellulose as well as other minor constituents such as protein and oil. [2] 
17 
 
Most of the wood fibers possess an attractive properties like a poor wettability and moisture 
content for some coating or adhesives are refer to the hydrophilic characteristic of wood. A 
wide range of chemical modifications has been carried out to improve these properties such 
as paint, stain and related coating. These modifications generally provide physical 
interaction with the wood substrate but do not provide permanent modification for wood 
surface.  Chemical treatment through initiating of covalent bond with the hydroxyl groups 
even in external surface or in cell walls may gave best modification. [3] 
The development of industrialization and human activities have significant role on the 
environment through the elimination of waste containing heavy metals which provide their 
ions in the aqueous solutions. These heavy metal have high toxicity and harmful to all types 
of living species, including human. Most heavy metals possess positive charges (cations). 
Examples of heavy metals include copper (Cu), nickel (Ni), chromium (Cr), mercury (Hg), 
arsenic (As), cadmium (Cd), and lead (Pb).  There was not any possibility of degradation of 
Heavy metals because they are belong to the earth's crust natural components. In a small 
portions they enter in our body through many ways like air, drinking water and food. 
Several heavy metals (e.g. selenium, copper, and zinc) are fundamental to maintain the 
metabolism of our bodies as a trace element. However, it will be dangerous and poisonous 
in the case of increasing the concentrations of these metals.  For example this poisoning 
could be due to contamination of drinking water especially that came through lead pipes 
and intake via the food chain also ambient air with high concentrations near emissions 
sources. [4] Removing heavy metals ions from water during the water treatment process 
has attracted much interest in order to environment protection and saving the health of the 
people. [5] 
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Classical methods was applied to remove heavy metals ions from wastewater solutions 
commonly involve precipitation by chemical reagent, ion exchange, evaporation methods, 
separation using membranes, and cementation electrolysis, etc. But from time to time, these 
methods of treatment didn't gave satisfying removal rates to face the control limits of 
pollution or are sometimes expensive. [6] 
In order to satisfy and solve the above mentioned problems the world resort to Bio-sorption 
or sorption by material of biological origin appears due to their technically workable and 
cost-effective approach. Newly some natural materials such as cellulose, Chitosan, chitin, 
and their derivatives have been specified as an attractive option because of their economic 
efficiency, characteristic properties, safety, and biodegradability. 
Ion exchange is a reaction in which free mobile ions of a solid are exchanged for different 
ions of identical charge in a solution. The exchanger must contain an open network 
structure, either organic or inorganic, which carries the ions and let ions to pass through it. 
Ion exchangers either organic or inorganic, are of natural or synthetic origins. The ones that 
are widely used nowadays are synthetic resins that function as ion exchangers because they 
are three-dimensional organic networks bearing charged or potentially charged groups. [7] 
The main interest of using date palm fiber in this study is due to their abundant and 
renewable source here at the Kingdom of Saudi Arabia. At low cost.  Moreover, the date 
palm fiber forms biodegradable materials when treated with certain monomers and can be 
obtained at low costs compared with the increasing costs of the plastics which are 
commonly used for the metal removal from water.  
19 
 
 1.1 Statement of problem 
Heavy metals contaminated water represents a major health and economic problem 
globally, particularly in the developing world. Metal contamination arises from a number of 
sources such as mining, industrial and urban wastes and is a problem which may be 
exacerbated through the use of contaminated water sources for drinking or irrigation. 
Existing technologies for metal remediation include ion exchange but may produce poor 
results, particularly if recovery of the metal ions is desired. Pollution divided onto two 
types, first one is point source which include solid discharge and effluents from vehicle 
exhaustion, industries, emission and metals discharged from mining and smelting. The 
second type is nonpoint sources which include natural and artificial soluble salts, disposal 
of domestic and industrial wastes in agriculture, as well as uses of pesticides or 
insecticides. Both type effect on animals plants as well as pepole health, but those that add 
heavy metals to water and soil are of serious concern because to their insistence in the 
environment and increasing the cancer rates. Heavy metals was not biodegradable it's just 
transform form oxidation state to another, therefor the effect  of heavy metals on human 
health and environment attracted great attentions nowadays. 
Most heavy metals ion such as Cu, Ni, Pb, Cd,  Cr, As, Hg and Zn classified as 
environment pollutant the sources of these metals listed in the table (1.1). The 
concentration of particularly metal was different from source to another and depend on the 
source of it. The presence of heavy metals in plants may cause acute and chronic diseases 
and effect on human nutrition. For example, Zn and Cd can lead to respiratory and acute 
gastrointestinal also damages and acute heart, brain and kidney damages. [8] 
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Table 1 Different sources of heavy metals. 
Heavy 
metals 
Sources 
As 
Petroleum industries, semi-conductors, wood preservatives, volcanoes, animal feed 
additives, herbicides, coal power plants, smelting and mining [9] 
Cu Mining, electroplating, smelting and refining.  
Cd 
  Application of phosphate fertilizers,  geogenic sources, , metal smelting and refining, 
fossil fuel burning, anthropogenic activities and sewage sludge [9] 
Cr Electroplating industry, sludge, solid waste, tanneries 
Pb 
 Burning of gasoline contain lead, smelting and mining process, metalliferous ores,   
municipal sewage, paints and industrial wastes enriched in Pb. [10] 
Hg Caustic soda industries, volcano eruptions, burning forest, coal, peat and wood burning 
Ni 
Gas exchange and bubble bursting and in ocean, volcanic eruptions, forest fire, land fill, 
weathering of soils and geological materials 
Zn Smelting and refining, Electroplating process, bio-solids and mining. [9] 
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1.2     Objective of the study 
 To prepare a new grafted copolymer from the date palm wood with some vinyl 
monomers through free radical polymerization. 
 To optimize the reaction conditions in order to produce the grafted copolymer.   
 To characterize the prepared grafted copolymer using a variety of techniques such 
as: FTIR, SEM, etc. 
 To convert the prepared grafted copolymer into ion exchanger resins. 
 To characterize prepared ion exchanger using FT-IR spectroscopy.   
 To study the removal of heavy metal ions from aqueous solution using prepared ion 
exchanger. 
 Evaluation the performance by applying the kinetics order models and adsorption 
isotherm models such as Langmuir and Frundlich. 
1.3   The significance of the study   
The problem of the clean sources of drinking water attracted a great attention nowadays, in 
this study will develop new cheap materials for water treatment. Moreover we will focus in 
removal of heavy metals particularly (Lead (II), Chromium (III) and Cadmium (II)).  
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CHAPTER 2 
LITERATURE REVIEW 
Nowadays the chemical modification of natural fibers or polymers attracted great attention 
and that for availability of many types of monomers. One of the most used and potentially 
powerful method to provide essential modification in whole properties of natural polymers 
is grafting it's also retention of the desired specifications of fiber. [11] 
Graft copolymerization is one of the most useable techniques for modifying the chemical 
and physical properties of a polymer. The demand of new materials with specific 
technological properties such as high strength, high modulus, toughness and low density, 
combined with positive and friendly impact in environment that lead to focusing in the 
lignocellulosic biomass of eternal and annual plants as  raw material for  the production of 
various new advanced polymeric materials. [12] 
Cellulose classified as one of the oldest natural polymers. It has many properties like   
renewability, biodegradability also it can be modified to produce many beneficial products. 
It was fabricated by various plants as hair or as a structural polymer in cells. [13] The main 
source of cellulose is the wood it found as a texture combining with lignin, the production 
of wood and cellulose is sustainable which offer many ways for uses, many recent research 
paper study the modification of cellulose by combining with polar and ionisable groups and 
applications of new polymeric materials in industries such as petroleum, papermaking, 
textiles as well as environment protection. [14] 
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Some of vinyl monomers when it is a graft polymerized with cellulose was applied for 
separation of mercuric ions from neutral aqueous solutions in contain various transition 
metal ions. The sorbent is efficient and reaction was fast for that we can use for water 
treatment process even wastewater or drinking water. [15] The grafted coconut husk with 
AN was used  to remove  mercury(II)  from aqueous solutions and  wastewater  produced 
from chloralkali industries [16], While banana leaves modified by adding functional groups 
like phosfosulfonate, sulfate and phosphate and used to remove heavy metals ions and the 
results show that the efficiency of removal increased after modifications.[17] Also a new 
chelating materials derived from sugarcane bagasse  were prepared and  used for metal ions 
adsorption from aqueous solutions.[18,19] methylene blue (MB), cadmium (II) and copper 
(II) were been removed using cheap solid adsorbent prepared from date pits. [20] Another 
low coast adsorbent prepared form wood sawdust which is a by-product of the world 
industries, and contain contain the texture of cellulose–lignin polymeric structure  was used 
for removal of copper (II) and iron (III) under variable conditions after physical 
modification. [21] Also rice bran hemicelluloses have the potential for binding heavy metal 
ions. In addition, it was concluded that different chemically modified orange peel cellulose 
bio-sorbents possess an ability to adsorb some heavy metal ion effectively from aqueous 
solution. [22] Aspen wood fibers was examined for removal of copper (II) before and after 
modification of fibers, the sorption behavior using aspen fibers as natural adsorbents was 
studied. [23]. 
2.1 Date palm as adsorbent  
Many research papers was conducted to study removing of heavy metals ion from water or 
waste water using data palm as natural adsorbent. 
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Al-Ghouti et al. (2010) study adsorption copper (II) and cadmium (II) using natural date 
pits as adsorbent without any modifications, they investigated adsorption capacities of the 
adsorbent and were found 35.9 mg/g for copper (II)
 
and 39.5 mg/g for cadmium (II)
 
by 
using Langmuir and Freundlich models, also they study the effect of pH, they assume 
heterogeneous surface binding that for fitting data with Freundlich model. [20] Date stone 
and palm tree wastes also were used in removal of Cu
2+
 from aqueous solutions, this work 
was done by Belala et al. (2011). They were study the relation of between percentage of 
copper adsorption and size of the sorbent, particles with size blew 1.0mm gave the higher 
percentage of copper adsorption. Adsorption was fast maximum sorption capacity was 
gained within 20 min. The kinetics data was agreed with pseudo-second-order model and 
they suggested there was physical interaction between copper and solid sorbent. [24] 
Date tree leaves were used as a natural sorbent to adsorb Pb
2+
 from aqueous solutions, at 
low initial concentrations the percentage of removal was gave a maximum value. Many 
parameters were studied like "initial concentration" of Pb
2+
, "contact time", pH, agitation 
speed and adsorbent dose. The optimum percentage of lead removal was obtained at pH 5.8 
and 50 min while agitation speed and adsorbent dose were 50 rpm and 1.0 g/L respectively. 
The "Temkin model" describe the equilibrium data perfectly, sorption and kinetic data 
show good agreement with pseudo second order model, this work was done by F. 
Boudrahem et al (2011). [25] 
Another study focus in adsorption of lead and Nickel using Iraqi palm date was carried out 
by Paul Ocheje and Raphael Odoh (2013), they were study different parameters, like 
temperature, pH, initial concentration, and contact time. They found that the extent of metal 
ions removed is less with higher contact time and became higher with increasing of initial 
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concentration. Langmuir adsorption model illustrate the kinetics data of this adsorption 
process clearly. [26] 
2.2 Modified Date palm as adsorbent of heavy metals  
The adsorption capacities of date pit activated carbons towards Pb
2+
 and Cd
2+
 has been 
investigated by El-Hendawy (2009), data was fitted with Langmuir model, the surface area 
of date pits activated carbons play significant role in increasing of adsorption capacity 
compare with raw date pits, the adsorption of lead somewhat higher amount than cadmium 
due to suitable pH for complexation or deposition and lower solubility. [27] Toxic 
chromium (VI) was been removed from different aqueous solution using adsorbent contain 
activated carbon form date palm seed using sulphuric acid activation method, this work was 
done by El Nemr et al. (2008). The degree of pH control on the percentage of adsorption 
the optimum pH was 1.0 and increasing of pH decrease the percentage of adsorption. 
120.48 mg/g that is the maximum adsorption capacity chromium (VI) and the equilibrium 
was obtained in 180 min due to fast adsorption process. [28] 
Abdulkarem and Al-Rub (2004) was studied the removal of Lead (II) onto activated 
carbons and 8-hydroxyquinolinemodified activated carbons was prepared from date pits. 
The adsorption capacity was high in both carbons. Moreover, there was no significant 
improvement in adsorption after modification. Removal of Pb (II) ions using activated 
carbons was increased with increasing of pH. This process followed "pseudo-second-order 
kinetics". "Langmuir and Freundlich models" showed good agreement from the equilibrium 
data for the process of adsorption of lead (II) ions. [29] 
An activated Tunisian date stones treated with phosphoric acid as activation agent was used 
for removal of copper (II) from aqueous solution. The best activated carbon for removal 
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process obtained with 60% of phosphoric acid and impregnation ratio of 1.75 in 450 °C. 
Dubinin–Kaganer–Radushkevich and Langmuir adsorption isotherm models were enough 
to explain adsorption of copper (II) onto activated carbon. (q˳) was found to be   31.25 
mg/g. F. Bouhamed (2012) et al suggested chemisorption process from kinetic data that 
were fitted with "pseudo-second order kinetic model". [30] 
El-Said Ibrahim and Salma Muhammed (2013) were modified leaflets of date palm using 
sulphuric acid method at 170 ºC. They suggested that the hot sulphuric acid will dehydrate 
and give carbon with reduction property. It  used to adsorb copper and silver from aqueous 
solutions, many parameters were studied such as contact time, pH, temperature and metal 
concentration from the results they found the adsorption of copper is fast compare with 
adsorption of silver it were reached equilibrium within ∼2 h  and ∼60 h respectively. From 
the value of activation energy they suggested the adsorption of copper done throw 
diffusion-controlled ion exchange process, however the value of activation energy of silver 
indicate chemisorption of silver ions into carbon. [31] 
Raw date pits was compare against CO2-activated date pits in adsorption of copper and zinc 
ions. Banat et al. (2002) were found adsorption of both copper and zinc onto raw date pits 
is higher than adsorption onto activated date pits carbon and they attributed that to the 
difference in the surface functional groups of date pits and activated one. The heat involve 
from activation process may destroy the functional groups that were responsible for binding 
with zinc and copper. Also copper was showed better removal than zinc in both raw and 
activated date pits due to small ionic radius of copper and that provide an easy movement 
into pores surface. The best result was obtained in pH = 5 and temperature 25°C. [32] 
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2.3 Ion exchange resins uses for removal of heavy metals  
Many research were conducted to study ion exchange processes in removal of heavy metal 
ions from even aqueous solutions or waste water due to their distinguished properties, such 
as high efficiency of removal, high capacity and fast kinetics [33], in both type of ion 
exchange resin even synthesized or natural the exchange process take a place through 
exchange resins cations with metals in the water, the synthesized resins were used more the 
natural ones. [34]   
The resins containing acidic nature its most commonly used because it provide the acidic 
hydrogen easy to exchange with metals for example resins with sulfonic acid and 
carboxylic acid. Various parameters were effect on uptake of heavy metals ions such as 
"contact time, temperature, initial concentrations of metal" and pH. [35]    
2.3.1 Ion exchange resin contain hydroxamic acid  
 Polymeric chelating resins functionalized by hydroxamic acid groups were attracted 
attention nowadays due to the complexion ability with wide range of heavy metals ions ,it 
was found act as chelating ligand with many ions like Cr
+3
, V
+5
, Cd
+2
,Au
+3
,Pb
+2
  and other 
metals. The polymeric hydroxamic acid was synthesized by react of poly-(methyl acrylate) 
with hydroxylamine and this is basic reaction of preparation of hydroxamic acid, also there 
were many methods to prepare resins containing hydroxamic acid, moreover this resin had 
many applications.  
Lutfor et al (2000) were synthesized a new chelating resin by reaction of poly-(methyl 
acrylate)-grafted sago starch with hydroxylamine and produced poly-(hydroxamic acid), 
they use free radical process to obtain the grafted copolymer then the ester group was 
treated with hydroxylamine and gave hydroxamic acid group. The product was fully 
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characterized using FTIR, TGA and DSC. Batch technique was used to examine the 
chelation behavior of the resin and it showed good result with chromium, nickel and 
copper. [36]  
F. Vernon and T. Shah (1983) were studied the ability of Poly-(amidoxime)/poly-
(hydroxamic acid) chelating resin to extract the uranium from sea water, they suggested the 
formation of tri-carbonato complex in the process of extraction. The resin showed high 
stability and fast sorption kinetics it can extract 12.5% of uranium in seawater within 2 
seconds. [37] 
Duolite ES 467 is another ion exchange resin functionalized by hydroxamic acid group, it 
was used for water treatment and removal of lead and iron ions, various parameter were 
studied. pH affected clearly on adsorption process increasing of pH was increase the 
sorption efficiency of lead but it will decrease for iron. This work was done by K Srinivasa 
et al (2005). [38] 
A competitive study for extraction of gallium and vanadium from Bayer liquor using resin 
with a hydroxamic acid groups was carried out by K Srinivasa et al (2003). Alkali 
concentration and extraction time were most important parameters affected on extraction of 
both gallium and vanadium. Gallium extraction kinetics were fast than those of vanadium. 
[39] 
2.3.2 Ion exchange resin contain Amidoxaime group 
Many research papers were done to study the ability of amidoxaime chelating resins to 
adsorb heavy metals from even waste water or aqueous solution, the reasons of that is the 
complextion ability of those resins with various metal ions, also it provide electrostatic 
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forces, moreover the high stability of those complexes. Most of those papers focused in 
removal of toxic metals and extraction of inestimable metals.   
A novel ion-exchange resin contain polyamidoxime group was synthesized by react grafted 
rubber-wood fiber with hydroxylamine this work was done by Faraj et al (2009). They 
suggested that the syn-hydroxyamino form was mainly the form of the cation-exchange 
resin. Also the study the water and hydrogen capacities of resin. The pH was studied in 
range 1-6 and chelating resin was showed an excellent adsorption capacity towards 
different metals especially copper it reached (3.83 mmol/g), also cadmium, iron, nickel, 
lead and cobalt. Column technique was used to separate cobalt and nickel from copper at 
pH = 3. The existing of amidoxaime group in polyacrylonitrile-g-rubber-wood fiber was 
confirmed using FTIR spectroscopy. [40]  
Pinar and Olgun (2004) were used polymers with enriched amidoxime groups to remove 
heavy metals from concentrated solutions. They were used N, N'-dipropionitrile acrylamide 
monomer to prepare their adsorbents. Removal of various metals was studied such as Cu
+2
, 
Pb
+2
, Co
+2
 and UO2
+2
 at high concentrations using batch technique. "Langmuir isotherm 
model" was used to confirm the interaction between UO2
+2
 and amidoximated groups. [41] 
A novel poly-(acrylamidoxime) (CMC) chelating resin was prepared by double 
modification of Carboxymethyl-cellulose sodium salt, starting by grafting of Acrylonitrile 
onto (CMC), then the grafting product was converted to poly amidoxime chelating resin by 
treatment with hydroxylamine. Adsorption capacity for this toward bivalent metal ions was 
examined at different pH. Compare with other resins either synthetic or poly-saccharide 
based resins this resin showed competitive sorption capacity. [42]  
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Khalid et al (2008) were prepared Polyacrylonitrile (PAN) Nano fibers using electro-
spinning technique, then they modified it with amidoxime group and used for metal ions 
sorption. They suggested that the adsorption of this new adsorbent followed Langmuir 
isotherm model, and monolayer adsorption was predominant in Nano fibers. Moreover this 
adsorbent showed high percentage of recovery it reached 90%. [43] 
A composite chelating particles consist of poly-(amidoxime) and silicon dioxide was 
prepared by Baojiao et al (2010), they were study the properties of chelating adsorption and 
also investigated the mechanism of adsorption of heavy metal ions. From thermo dynamic 
data they suggested the adsorption process was endothermic chemical process, this 
adsorbent showed high efficiency for removal of copper and other metal ions such as 
nickel, lead and cadmium. [44] 
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CHAPTRE 3 
EXPREMENTAL 
3.1     Chemicals and materials 
Date Palm fiber was obtained from local market with size less than 200 μm, fiber was 
washed tow times firstly with hot distilled water and then with acetone after that the water 
and acetone was removed by heating at oven in dried in 60 ◦C. Methyl acrylate (MA) and 
Acrylonitrile (AN) with high purity more than 99% were obtained from Merck's (Germany) 
and purified and activated by passing it through an activated alumina column to decrease 
the effect of inhibitor. Hydrogen peroxide as Analytical reagents grade was purchased from 
Sigma-Aldrich (USA). Ammonium ferrous sulphates, was used as received which is grade 
reagents was purchased from BDH (England). Acetone (Sigma-Aldrich) and N, N-
dimethylformamide (DMF) (Fluka chemi). Sodium hydroxide and methanol (Merck). 
Hydroxylamine hydrochloride (Fluka). 
3.2     Preparation of grafted copolymers  
3.2.1 Graft Copolymerization of date palm wood fiber (DPWF) with Methyl Acrylate 
Graft copolymerization was done in a two- necked round bottom flasks having a nitrogen 
gas inlet.  Using oil bath with controlled temperature we added 100 ml of distilled water to 
the flask and stirring was started using magnetic stirrer. An amount of 1.0 g of the fiber was 
added to the flask and stirring continued to around 10 min. A quantity of 0.1 g of ferrous 
ammonium sulphate was added under nitrogen atmosphere while the temperature of the 
solution was kept at 90 
0
C for a period of 15 min. A volume of 7.0 mL of the activated 
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methyl acrylate was added to the reaction mixture followed by a volume of 0.3 mL of 35% 
hydrogen peroxide with constant stirring. The temperature of the mixture was kept up at 
90
0
C for a period of time of two hours. After reaction complete, the product was filtered 
after cooling the flask. The final product was washed with distilled water several times then 
dried using oven at a temperature of 60 
°
C and left for overnight and weighed.  
 
3.2.2 Removal of (MA) homopolymer and determination of graft level 
Soxhlets extractor was used to purification of crude product and remove poly methyl 
acrylate homopolymer using acetone as solvent and purification was proceed for 24 h, the 
purified copolymer was dried at 70°C until constant weight, Eq. (3-1) was used to calculate 
the percentage of grafting (Pg). 
   
     
  
                                                                                                        (3-1) 
 
Where w1 is the weights of the pure DPWF in grams, w2 is the weight of the Copolymer 
after grafting and purification. [45] 
3.2.3   Graft Copolymerization of date palm wood fiber (DWF) with Acrylonitrile  
Graft copolymerization was carried out employing free-radicals methods using hydrogen 
peroxide as initiator with ferrous ammonium sulphate as co-catalyst. 1.0g of date palm fiber 
was placed into two neck round bottom flask with 100 ml of distilled water and 0.12g of 
ferrous ammonium sulphate was added to the flask and stirred for 15 min at 70 
o
C under a 
nitrogen atmosphere. The nitrogen gas entering the reaction system was used to remove any 
oxygen present, to reduce the probability of formation of homo-polymer. 8ml of 
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Acrylonitrile (AN) was added and reaction mixture followed by a volume of 0.3 mL of 
35% hydrogen peroxide, the mixture was stirred for 60 min., after that the sample was 
washed by distilled water  several times after filtration, finally dried to constant weight in 
an oven at 70°C. 
 
3.2.4   Removal of (AN) homopolymers and determination of graft level 
The polyacrylonitrile homopolymer (PAN) was extracted with N,N-dimethylformamide 
(DMF) for 48h using Soxhlet extractor. The grafted copolymer was then dried at 65 °C in 
an oven for a day and weighed. The percentage of grafting (Pg) was determined using Eq.1. 
[3] 
 
3.3      Preparation of ion exchange resins  
20g of hydroxylamine hydrochloride (NH2OH• HCl) was dissolved in 400 ml of a 
(methanol /water) solution (80%). Sodium hydroxide was used to neutralize the acidic 
content in hydroxylamine hydrochloride NH2OH• HCl and the precipitated NaCl was 
filtered.  This solution was added to the grafted product placed in a two-necked flask 
equipped with a condenser, and temperature was adapted using a thermostated water bath. 
The mixture was allowed to react at 70 C° under stirring for 180 min. After completion of 
the reaction, the resin was filtered and washed with the methanolic. The excess of Na OH 
in the resin was neutralized by treating the resin with a 0.1 M HCl solution for 20 min, then 
it was filtered again, washed several times with the methanolic solutions and then dried at 
70 °C using oven until constant weight. [40, 46] 
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3.4 Characterization 
The characterization of raw date palm fibre, grafted copolymers and ion exchange resins 
was carried out using various techniques which included: FT-IR which provide a useful 
information about functional groups in our compounds also this technique help to confirm 
the presence of new functional groups even in grafted copolymer or resin. Another 
technique used is "Scanning Electron Microscope" (SEM) it was used to investigate the 
morphology raw fibre surface before and after polymerization. Also we were used thermo-
gravimetric analysis technique to study the thermal stability of the grafted copolymers and 
resins. 
3.4.1 Fourier Transform Infrared Spectroscopy (FT-IR) 
 FT-IR (Nicolet 6700 spectrometer- Thermo electron, USA) was provided by OMINC 
software, and deuterated triglycine sulphate (DTGS) as a detector. Samples were prepared 
using solid KBr pellet technique and spectra were obtained by using the transmittance 
mode with wave number over range between (4000 – 400 cm-1), the number of scan was 16 
and the background correction of background noise was done using resolution 25 cm
-1
. 
3.4.2   Scanning Electron Microscope (SEM) 
The SEM photographs of the samples were taken using a "scanning electron microscope" 
model SEM 6400 (JEOL, Peabody, MA), and used to identify the morphology of the date 
palm fibre and grafted copolymers surfaces.  
3.5   Sorption of heavy metal ions using the batch technique 
Batch adsorption procedure was applied to study the equilibrium isotherms. A chelating 
resins were used within a solutions of different heavy metals in series of 125 ml plastic 
bottles and equilibrated with 20 ml of distilled water. After adding 20 ml of sodium acetate 
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(0.1 M) buffer solutions to the bottles, 10 ml of a 0.1 M heavy metals ions solution was 
then added. Various parameter were recorded, like effect of pH, effect initial 
concentrations, effect of contact time and effect of resin dosages in a range between (0. 5 – 
2 g/L). Also temperature was been adjusted. A desired dose of resin was added to each 
bottle and shaked at 200 rpm at constant temperature until equilibrium was achieved. The 
metals ions adsorption at certain time, t, (qt mg/g) was calculated by this equation (3-2): 
           
 
 
                                                                                                    (3-2) 
 Where "V is volume of heavy metal ions" solutions in liters, C0 (mg/L) Ct and (mg/L) are 
initial and final concentration at time t of heavy metals ions in solution, respectively and m 
(grams) is the weight of resin.   
3.6   Data analysis    
Various kinetic models "pseudo first order, pseudo second order and intra-particle 
diffusion" were applied to analyse the data that achieved from batch study at different resin 
dosage and concentrations of metal ions (70, 50, 30 ppm). The adsorption capacity of the 
resin was identify using different adsorption isotherm models (Langmuir isotherm and 
Freundlich isotherm). Also we use Atomic Absorption Specrtoscopy to measure the 
concentration of metals before and after the process of removal.  
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CHAPTER 4 
Removal using Poly-(hydroxamic acid) Resin 
4.1     Graft copolymerization  
The reaction of graft copolymerization between methyl acrylate (MA) and  DPWF was 
done by treating DPWF with initiator and cocatalyst solution (H2O2 and ferrous ammonium 
sulfate solution), this solution provide free radical sites in the backbone of DPWF. After 
that methyl acrylate (MA) was added to reaction and the formation of free radical sites 
from monomer particles was started. The copolymerizations process took place by forming 
covalent bond monomer and fiber radicals and create chain reaction for propagation. Also 
homopolymer of (MA) can occur   due to presence of initiator in the reaction. Fig. (1) 
describe the mechanism of grafting. [3] 
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Figure 1 Mechanism of graft copolymerization of MA onto DPWF. 
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4.2     Optimization of grafted polymerization parameters  
Different parameters were study to get the best conditions of graft polymerization such as 
temperature, time of reaction, monomer volume, cocatalyst amount and concentration of 
initiator, all these parameters were studied to give best yield of grafted copolymer product. 
4.2.1   Effect of temperature 
The temperature of the grafting reaction was studied  in a wide range  from 30 °C to 120 °C 
in this range of temperature the % yield of grafting increase gradually up to 90 °C it reach 
the maximum % yield of grafting after that it decrease with increasing in temperature. We 
can attributed this increasing of %  yield of grafting with increasing of temperature to the 
swell-ability of DPWF onto substrate and  the rate of diffusion of (MA) was enhanced  to 
react with the active sites in the substrate with the increase of the temperature. Same 
observation was founded in the grafting of MA onto jute fibre [47] and MMA onto OPEFB 
[45]. To illustrate the decrease of % yield of grafting high temperature the main reason is 
the decomposition of hydrogen peroxide in high temperature that lead to producing many 
radicals and the chance to forming homoplymer increase. The data in Fig. (2) in agreement 
with the explanation. 
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Figure 2 Effect of reaction temperature on the % of grafting. Reaction time 120 min, MA 8 ml, H2O2 0.03 M, Fe
+2 
0.01 mmol.  
   
 
 
4.2.2    Effect of the concentration of initiator  
The % of grafting increase with increasing of concentration of initiator up to a certain limit 
and decrease after that as shown in Fig. (3). With the high concentration of initiator the 
production of radicals increase that lead to increase the number of the active sites in the 
backbone and that facilitate the grafting process. The grafting increase with increase of 
concentration of initiator from 0.01M to 0.03M and it decrease at higher concentration. The 
optimum % of grafting is152 at 0.03M of initiator. To explain the decrease of the % of 
grafting at high concentration of initiator, we found that high number of cellulosic fibre 
radicals will formed due to decomposition of initiator in high concentrations, the cellulosic 
fibre radicals may react with each other and terminate the reaction before the addition of 
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monomer. Also homopolymraization possible in high concentrations of   initiator that will 
decrease the % of grafting. [48] 
 
 
 
Figure 3 Effect of the concentration of initiator H2O2 on the % of grafting. Reaction time 120 min , MA 8 ml, 
Temperature 90 °C, Fe+2 0.01 mmol.  
 
4.2.3   Effect of the amount of monomer 
Increasing the volume of monomer (MA) from 2 to 8 ml will increase the % of grafting and 
then it will decrease with more volume of monomer (MA) as shown in Fig. (4). The 
optimum % of grafting is 189, at 8 ml of monomer (MA). We can attribute this increase to 
the abundance of the monomer that increased interaction with the active sites on the 
backbone. In the high volume of monomer the Probability of homopolymrization increase 
and that decrease the % of grafting.[48] 
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Figure 4 Effect of the amount of monomer (MA) on the % of grafting. Reaction time 120 min, H2O2 0.03 M, 
Temperature 90 °C, Fe+2 0.01 mmol. 
4.2.4   Effect of reaction period 
The grafting reaction was done in a wide periods of time from 30 to 150 min .And Fig. (5) 
Explains that the % of grafting increase with time increase up to 120 min. After this time 
the % of grafting decrease. The reasons of this decreasing is that after this period the 
concentration of monomer , initiator and cocatlyst will decrease .Also all active sites in the 
backbone will be covered with the polymer , and homopolymerization is possible with long 
period of reaction . The optimum % of grafting is 152, at 120 min. [48, 67] 
 
0
40
80
120
160
200
0 2 4 6 8 10 12
%
 o
f 
g
ra
ft
in
g
 
Amount of monomer /ml 
42 
 
 
Figure 5 Effect of reaction period on the % of grafting and efficiency. MA 8 ml, H2O2 0.03 M, 
Temperature 90 °C, Fe
+2
 0.01 mmol. 
4.2.5 Effect of the amount of catalyst  
The addition of a catalyst to the graft copolymerization reaction lead to increase in the % of 
grafting, but with the small amount of catalyst. As shown in Fig. (6) the optimum % of 
grafting is 206, at 0.15 mmol of catalyst "ammonium ferrous sulfate [(NH4) 
2SO4.FeSO4.6H2O]", but the % of grafting decrease with increasing the amount of catalyst. 
The presence of catalyst in reaction speed up the process of hydrogen peroxide 
decomposition  and formation radicals that increase the % of grafting , in high amount of 
catalyst a huge number of radicals will form and interact together and terminate the 
reaction that lead to decreasing of the % of grafting.[45] 
 
0
40
80
120
160
0 50 100 150 200
%
 o
f 
g
ra
ft
in
g
  
Time /min 
43 
 
 
Figure 6 Effect of the amount of catalyst Fe+2on the % of grafting. MA 8 ml, H2O2 0.03 M, Temperature 90 °C, 120 
min. 
 
 
4.3   Preparation of poly-(hydroxamic acid) resin 
The reaction of ester group in copolymer with hydroxylamine in an alkaline medium is a 
general method to prepare hydroxamic acid. The same ratio of PMA-grafted-DPWF and 
hydroxylamine was used in alkaline media, the temperature of reaction was 70 °C, the 
reaction was carried out for 180 min in a methanolic solution (methanol/water ratio = 80). 
The proposed a mechanism for the reaction between hydroxylamine and poly acrylate ester 
to give Poly - (hydroxamic acid) showed in Fig. (7). [49, 50]  
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Figure 7 Reaction mechanism of preparation of poly-(hydroxamic acid). 
 
4.4     Characterization of DPWF, grafted copolymer and resin 
To characterize and verify the presence of poly methyl acrylate (PMA) on the DPWF fibre 
and presence of hydroxamic acid group we were using IR spectroscopy, Fig. (8) show the 
FTIR spectra for DPWF fibre, PMA-grafted-DPWF fibre and resin containing 
hydroxamic acid groups. In the range between 3100- 3500 cm
-1 
a very distinguished  
broad absorption band assigned to hydroxyl group appears in all spectra, we can refer this 
to O-H stretching vibrations of absorbed water, celluloses, lignin constituent of DPWF and 
hemicelluloses. A small peak around 1740 cm
-1 
  in the spectra of DPWF could be assigned 
to carbonyl stretching vibration of carboxyl groups in lignin and hemicelluloses in DPWF, 
A sharp  increasing in intensity of same peak at  (1740 cm
-1)
  in the spectra of PMA-
grafted-DPWF  could confirm the presence of an ester group from (MA) and that is clear 
evidence of grafting .[45] The C= O bands at1740 cm
-1 
was shifted   to form a new band 
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associated to carbonyl in hydroxamic acid (C= O at 1647 cm
-1
) we can see that clearly in 
the spectrum of resin containing hydroxamic acid group.[50] Many absorption bands occur 
in both spectra such as the band in the 1400 -1600 cm
-1    
were associated to the  finger print 
area of aromaticity or benzene rings in lignin. Also the band in the region of 1000 – 1300 
cm
-1 
assigned to C – O stretching vibration of aliphatic alcohols in hemicelluloses, 
cellulose, and aromatic primary and secondary alcohol in lignin. [3, 45] 
Another   technique to confirm the grafting of DPWF fiber is SEM, figs. (9) and (10) show 
the micrograms of the DPWF fiber and PMA-grafted-DPWF fibre respectively, fig. (9)  
show the surface of the DPW before grafting, we can see the pores clearly on the surface 
.After grafting the surface is fully covered by PMA and it's homogeneous because it's 
chemically bonded as we see in fig. (10). 
 
 
Figure 8 FTIR DPW fiber (top- gray), PMA-g-DPWF fiber (middle - orange) and resin containing hydroxamic 
acid groups (Bottom - blue). 
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Figure 9 Scanning electron micrographs of DPWF before grafting, SEM MAG. (1.36 KX) 
 
 
Figure 10 Scanning electron micrographs of DPWF after grafting, SEM MAG. (1.08 KX) 
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4.5     Effect of initial pH 
The solution pH is a significant parameter in studying removal of heavy metal ions from 
water or aqueous solution due to many reasons such as affects in concentration of counter 
ion placed in adsorbent functional groups also the solubility of metal ions and the, addition 
to the degree of ionization of the adsorbate during the reaction [51]. In this work lead (II), 
Cr (III) and Cd (II) adsorptions were carried out in wide range of pH from 1.0 to 6.0 using a 
constant Cleating resin dose of 1.0 g and metals ions concentrations was s 50.0 mg/L at 25 
°C. The results are provide in Fig. (11) the adsorptions of lead (II), Cr (III) and Cd (II) was 
maximum in the pH-range 5.0 to 6.0. 
 
 
 
Figure 11 Effect of  pH on the adsorption of (Pb+2) (Cr+3) and (Cd+2) ions, dosage of chelating resin 1g ions 
concentration 50 mg/L, time  60 min, and temperature 25 °C. 
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4.6     Effect of contact time and initial concentration  
Figure (12) illustrates the effect of contact time in adsorption of heavy metals from aqueous 
solution using Chelating resin at different initial concentration (30, 50and 70 mg/L), proper 
pH, and temperature (25 °C). We can see clearly that the increasing of contact time lead to 
increase adsorption of heavy metals also we can realize the adsorption is fast in the first 20 
min and then gradually decreased to become constant after the equilibrium point. Also we 
can see the saturation point is almost reached at 40 min at all concentrations. [51] The 
presence of the active sites and uncovered surface on the adsorbent made the adsorption of 
metals ions very fast at initial stages.[2,52] The equilibrium time also effected by the  
nature and density of the adsorbent. Removal of lead (II), Cr (III) and Cd (II) dependent 
basically upon the initial concentrations. The amount of metal ions adsorbed, qt (milligrams 
per gram), increased by increasing in initial concentrations.  For example at equilibrium the 
adsorbed amount onto Cleating resin  increased from 15.00 to 27.97 mg/g, when the % of 
removal decreased from 100.00 to 79.91 % with the increasing in the initial Cr (III) ion 
concentration from 30 to 70 mg/L. we suggested that the ratio of available surfaces to 
initial metal ions  concentrations was larger at low concentrations, on the other hand when 
we use higher concentration, this ratio was less and  that confirm dependency of percentage 
of  removal upon the initial concentrations. Also from the curve, we can indicate that the 
saturation which happened may increase the possibility of monolayer coverage of metal 
ions on the of Chelating resin surface. [53] 
 
 
49 
 
 
 
 
 
 
 
0
5
10
15
20
25
30
35
0.00 20.00 40.00 60.00 80.00
q
t 
(m
g
/g
) 
Time (min) 
A 
70 mg/L
50 mg/L
30 mg/L
0
5
10
15
20
25
30
35
0.00 20.00 40.00 60.00 80.00
q
t 
(m
g
/g
) 
Time (min) 
B 
70 mg/L
50 mg/L
30mg/L
50 
 
 
Figure 12 Effect of contact time on (A) lead (II), (B) Cr (III) and (C) Cd (II) adsorption at different initial feed 
concentration, solution pH 5.5, and temperature 25 °C. 
4.7     Effect of adsorbent dosage 
An important parameter that determine the efficiency of the adsorbents for a given initial 
concentration is the adsorbent dosage .Fig.(13) explain The effect of cleating resin dose on 
the adsorption of lead (II), Cr (III) and Cd (II), different dosages of  chelating resin  were 
applied for 50 mg/L at 25 °C. We find that the percentage of removal increased from 67.56 
to 100% for lead (II), from 67.24 % to 100.00 % for Cr (III) and from 50.26 to 100% for 
Cd (II) with an increase of chelating resin dose from 0.05 g/L to 0.2g/L. We can refer that 
to the availability of the huge surface area due to increase of the mass of adsorbent or 
increasing of adsorption sites for constant concentration of metal ions. [52, 54] The 
percentage removal of heavy metals ions calculated using equation (4.1). 
             
     
  
                                                                                           (4.1)        
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Figure 13 Effect of adsorbent dosage on adsorption of lead (II), Cr (III) and Cd (II), initial concentrations 50 mg/L, 
time 60 min, solution pH 5.5, and temperature 25 °C. 
 
4.8     Adsorption kinetics 
Adsorption kinetics explain the rate of solute uptake at interface between solid and solution 
and clearly provide important information about pathways and mechanisms of the reaction. 
[55] The kinetics of lead (II), Cr (III) and Cd (II) adsorptions on chelating resin was 
analysed using "pseudo first- order, pseudo-second-order and intraparticle diffusion 
models". The agreement between experimental values and the models predicted values was 
indicated by the "correlation coefficients (R
2
)". A comparatively high R
2
 values means that 
the models successfully describe the kinetics of metal ions adsorption. 
 
4.8.1   The pseudo-first-order model  
The "pseudo-first-order equation", described in solid–liquid systems, is generally expressed 
as: 
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Where qt and qe are the amounts of metal ions adsorbed (milligrams per gram) at time t, and 
at equilibrium, respectively, and k1 is the rate constant of "pseudo-first-order" adsorption 
(per minute).Fig. (14) illustrates the linearized form of the "pseudo-first-order model" for 
the adsorption of lead (II), Cr (III) and Cd (II)ions onto chelating resin at various initial 
concentrations , the values of  rate constant K1 and adsorption density  qe  were calculated 
from the slopes and  intercepts respectively of the plots of  log (qe – qt)  versus t  ( Table 2). 
We realise from the low  values of   "The correlation coefficients (R
2
) for the pseudo-first-
order kinetic model" obtained at all the concentrations under study , and the bad quality of  
linearization ,beside the poor agreement between the experimentally observed equilibrium 
adsorption (qe, exp) and that derived theoretically (qe, cal) using Eq. (4.2). All these 
indicates that the adsorption of metal ions swerved frequently from the "pseudo-first-order 
kinetic model" and it failed to illustrate the adsorptions mechanism of metal ions on using 
chelating resin. [56] 
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Figure 14 Lagergren first-order plot for adsorption of (A) Pb (II), (B) Cr (III), and (C) Cd (II) on a Chelating resin 
for different initial feed concentration at pH 5.5 and temperature 25 °C. 
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4.8.2   The pseudo-second-order equation 
We investigate the "pseudo-second-order" adsorption kinetic rate using this equation: 
   
  
          
2       
                                                                                                     (4.3) 
Where qe and qt are the adsorption capacities at equilibrium and time t (milligrams per 
gram), respectively, k2 is the rate constant of the "pseudo-second-order" sorption (grams per 
milligram per minute). [57, 58] For the boundary conditions t = 0 to t = t and qt = 0 to qt = 
qt, the integrated form of Eq. (4.4) will be as: 
 
     
  
 
  
                                                                                                                (4.4) 
 
 
Which is the integrated rate law for a "pseudo-second-order" reaction. By make some 
rearrangement for Eq. (4.4) we obtained Eq. (4.5), which has a linear form: 
 
 
  
 
 
     
 
 
  
                                                                                                                  (4.5) 
The initial adsorption rate, h (milligrams per gram per minute) is given as: 
                                                                                                                                  (4.6)     
Eq. 4.5 also can be written as: 
 
  
 
 
 
 
  
  
                                                                                                                        (4.7) 
From Eq. (4.4) the plot of t/qt versus t gave a linear plot Fig. (15). the value of qe (Cal.) and 
k2 which are adsorption parameters were calculated from the slopes and intercepts of the 
plots, respectively (Table 2). The values of the correlation coefficients (R
2
) for pseudo-
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second-order kinetic model obtained were greater than 0.99 for most concentrations. 
Moreover, the equilibrium adsorption capacity (qe, Cal) derived from Eq. (4.4) also agree 
well with the experimentally observed data. These results indicated that the adsorption 
system studied belongs to the " pseudo second-order kinetic model", and lead (II), Cr (III) 
and Cd (II) ions were adsorbed on the surface of chelating resin via chemical interaction 
such as ionic or covalent bonds. [52, 53] 
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Figure 15 Pseudo-second-order kinetic plot for adsorption of (A) Pb (II), (B) Cr (III), and (C) Cd (II) on a 
Chelating resin for different initial feed concentration at pH 5.5 and temperature 25 °C. 
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4.8.3   The intraparticle diffusion model: 
The mechanism of adsorption of lead (II), Cr (III) and Cd (II) onto chelating resin was 
identified by testing the experimental data of adsorption process onto an intraparticle 
diffusion model. Many consecutive steps may involve in the sorption of an adsorbate by a 
porous solid adsorbent, which are (I) the place where the sorbate moved from the bulk 
solutions to the external surfaces of sorbent and it's called surface diffusion. (II) The 
movement of the molecules into the interior of sorbent particles and its called intraparticle 
or pore diffusion. (III) Adsorption on the interior sites of the sorbent. [59] The" intraparticle 
diffusion model" is expressed as: 
        
                                                                                                              (4.8) 
Where kid is the intraparticle diffusion rate constant (milligrams per gram per min
½
), C is 
the intercept (milligrams per gram).the plots of qt versus t
1/2
 are illustrated in Fig. (16) we 
see that the lines of different concentrations does not go through the point of origin, which 
means the mechanism cannot determine the rate of the overall process, and adsorption 
mechanism is seems to be very complex.[53, 56] 
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Figure 16 Intraparticle diffusion kinetic plot for adsorption of (A) Pb (II), (B) Cr (III), and (C) Cd (II) on a 
Chelating resin for different initial feed concentration at pH 5.5 and temperature 25 
°C. 
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Table 2 Kinetic constant and parameters obtaind for heavy metal adsorption on hydroxamic resin 
  
Metal  Pseudo-first order Pseudo-second order Intraparticle diffusion model 
Ci(mg/L) qe exp 
(mg/g) 
K1(10
-3
)(min
-
1
) 
qe cal 
(mg/g) 
R
2
 K2(
10-2
) 
(g/mg min) 
qe 
,cal(mg/g)  
h  
(g/min) 
R
2
 Kid (mg/g.min) C 
(mg/g) 
R
2
 
Pb(II) 70 31.13 54.8 1303.9 0.951 0.96 36.23 2.74 0.993 2.775 10.422 0.881 
50 23.72 93.3 739.3 0.620 0.45 28.65 3.70 0.998 1.935 11.374 0.897 
30 14.63 57.1 65.9 0.860 0.25 16.92 3.33 0.994 1.080 7.647 0.794 
Cr(III) 70 30.24 53.2 1451.4 0.966 0.22 36.23 2.86 0.997 2.834 9.023 0.972 
50 22.96 61.02 670.2 0.983 0.33 20.96 1.44 0.973 1.615 4.806 0.975 
30 14.12 51.4 53.1 0.866 2.06 15.94 5.23 0.999 0.667 10.486 0.756 
Cd(II) 70 27.16 54.1 1330.5 0.977 0.21 33.44 2.34 0.999 2.766 6.633 0.969 
50 22.13 61.02 191.6 0.945 1.12 23.31 6.07 0.999 0.937 15.093 0.925 
30 14.02 78.50 186.6 0.995 1.20 15.34 2.80 1.000 0.858 7.903 0.881 
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4.9    Adsorption isotherm models 
Various isotherm models were applied to determine the efficiency of adsorption. In the 
adsorption of heave metal ions from aqueous solution, and the importance of the 
adsorption isotherms the description of the fractions of sorbate molecules at equilibrium 
were splitted between solid and liquid phase. [51,55] "Langmuir and Freundlich 
adsorption isotherm models" were studied for lead (II), Cr (III) and Cd (II) adsorption on 
chelating resin. 
4.9.1 The Langmuir isotherm model 
The "Langmuir model" presumes that the surface was homogenous with a finite number 
of adsorption sites in the process of uptake of adsorbate molecules, also suggested that 
the kind of adsorption is monolayer adsorption. Once site is filled by adsorbate molecule 
that means surface is reach the saturation point and no chance for more adsorption in this 
site. [52, 60, 74] The linear equation can express as: 
  
  
 
 
    
 
  
  
                                                                                                               (4.9) 
Where qe is the amount of metal ions adsorbed (mg/g) at equilibrium Ce is the equilibrium 
concentration (mg/L) of metals in solution, qm gives the maximum theoretical monolayer 
adsorption capacity (mg/g) and KL is Langmuir equilibrium constant (L/mg) and it’s 
related to the affinity of adsorption sites. From the plot of Ce/ qe versus Ce can obtain the 
values of qm and KL from the slope and intercept respectively, also correlation 
coefficients (R
2
) Table. (3), moreover from the linearity of the plot we can indicate that 
the Langmuir adsorption isotherm is applicable Fig (17) as the result of that we assume 
the formation of monolayer on the surface of adsorbate. [61] The experimental data 
showed high correlation with Langmuir model. Separation factor (RL) is the characteristic 
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dimensionless equilibrium parameter for this model, defined by Weber and Chakkravorti 
[62]: 
 
   
 
      
                                                                                                              (4.10)       
Where KL (L/mg) is the Langmuir constant and Co (mg/L) is the lowest initial 
concentration of metal ions from the average value of (RL) for each initial concentration 
in Table. (4.2) we find its less than unity and greater than zero which mean the favourable 
adsorption of lead (II), Cr (III) and Cd (II) on hydroxamic chelating resin,[63] which 
indicate that the isotherm data fit this model well. 
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Figure 17 Langmuir adsorption isotherms for adsorption of (A) Pb (II), (B) Cr (III), and (C) Cd (II) on a 
chelating resin, pH 5.5 and temperature 25 °C. 
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4.9.2   Freundlich isotherm model 
The Freundlich model usually used to investigate if the adsorbate molecule adsorbed onto 
solid adsorbent with heterogeneous surface. [51, 75] The mass of chelating resin was 
fixed and various initial concentrations of lead (II), Cr (III) and Cd (II) were applied to 
obtain the equilibrium data. The linear equation of "Freundlich isotherm model "defined 
as: 
            
 
 
                                                                                                     (4.11)    
Where Kf (mg/g) is adsorption capacity and 1/n (g/L) is adsorption intensity which are 
Freundlich adsorption constants. Lnqe against lnCe was plotted and straight lines were 
obtained for adsorption of lead (II), Cr (III) and Cd (II) in chelating resin Fig. (18). The 
values of Freundlich adsorption constants Kf  and n were determined  from the intercepts 
and slopes of  the same plot and listed in Table.(3), the values of correlation coefficient 
(R
2
) give an indication of a poor agreement between experimental data and Freundlich 
model. Also the value of n was more than unity that means favourable adsorption 
conditions and metal ions are favourably adsorbed by the prepared chelating resin. [64] 
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Figure 18 Freundlich adsorption isotherms for adsorption of (A) Pb (II), (B) Cr (III), and (C) Cd (II) on a 
chelating resin, pH 5.5 and temperature 25 °C. 
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Table 3 Langmuir and Freundlich isotherm constants for Lead (II), Cr (III) and Cd (II) adsorption on Chelating resin 
  
 
 
 
 
 
 
 
Metal T (k) Langmuir isotherm constants Freundlich isotherm constants 
qm (mg/g) KL 
(L/mg) 
RL R
2
 1/n n KF    R
2
 
Pb(II) 298.16 43.86 9.12 0.002 0.999 0.04 23.15 48.62 0.8638 
Cr(III) 298.16 42.74 5.32 0.004 0.999 0.06 15.43 49.74 0.9701 
Cd(II) 298.16 32.47 1.54 0.012 0.9932 0.10 10.04 48.07 0.7647 
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CHAPTER 5 
Removal using Poly-(amidoxime) Resin 
5.1     Graft copolymerization  
DPWF was treated with mixed solution of (hydrogen peroxide and ferrous ammonium 
sulfate) to initiate a free radicals in the backbone of fiber and provide  cellulose macro-
radical. Graft copolymerization took place after adding Acrylonitrile (AN) monomer to 
the mix, the cellulose macro-radical attacked the double bond in AN and a covalent bond 
between monomer and cellulose appeared, the chain initiated with continues creation of 
free radical on the AN. chain propagates grafting onto the cellulose was possible by 
adding AN monomer subsequently. At the end the reaction terminate either by forming 
copolymer by reaction of two macro-radical or formation of homopolymer by reaction of 
two monomer radicals. Fig (19) explain the whole process. [40, 65]   
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Figure 19 Mechanism of graft copolymerization of Acrylonitrile onto DPWF. 
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 5.2    Optimization of grafted polymerization parameters  
Various parameters effect on the yield of grafted copolymerization such as temperature, 
time of reaction, monomer volume, cocatalyst amount and concentration of initiator, all 
these parameters were studied separately to investigate the best conditions and obtain the 
best yield. 
5.2.1   Effect of temperature 
A wide rang of temperatures was applied to obtain the best yield of grafted copolymer. 
Fig. (20) illustrate the effect of temperature, we can see clearly the increasing of % yield 
of grafting with increasing the temperature from 30 ºC up to 75 ºC, and this increasing 
can refer to increasing of diffusion of the monomer to reach the active sites on the 
backbone of substrate with increasing of temperature. But when temperature rise more 
than 75 ºC the monomer will start to evaporate and hydrogen peroxide will decompose 
this lead to creation of huge number of free radicals, the yield of homopolymer will 
increase  and % of grafted copolymer will decrease.[48, 66]    
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Figure 20 Effect of reaction temperature on the % of grafting. Reaction time 60 min, AN 8 ml, H2O2 0.03 M, 
Fe+2 0.3 mmol.  
5.2.2    Effect of the concentration of initiator  
The concentration of initiator affect clearly on yield of grafted copolymer, as shown in 
Fig. (21) the % of grafting raised with increasing of concentration of the hydrogen 
peroxide that due to increasing the production of free radicals in active sites of the fiber, 
the percentage of grafting reach 81% with 0.03 M of hydrogen peroxide, this percentage 
decrease with increasing this concentration, because the termination step will take place 
by reaction of cellulosic radicals together before adding the monomer, moreover in higher 
concentrations the yield of homopolymer increase. [3] 
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Figure 21 Effect of the amount of initiator H2O2 on the % of grafting. Reaction time 60 min , AN 8 ml, 
Temperature 75 °C, Fe+2 0.3 mmol. 
 
 
 
5.2.3   Effect of the amount of monomer 
The percentage of grafting rise with increasing of the volume of the (AN) monomer this 
can be attributed to the availability of huge number of monomer molecules reach the 
active sites in the backbone of fiber, but on the other hand from Fig. (22) we can see clear 
decreasing in the percentage of grafting with increasing of the volume over 8ml because 
the possibility of homopolymerization increase. [48]     
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Figure 22 Effect of the amount of monomer (AN) on the % of grafting. Reaction time 60 min, H2O2 0.03 M, 
Temperature 75 °C, Fe+2 0.3 mmol. 
  
5.2.4   Effect of reaction period 
The reaction time play significant role in the yield of grafting, with increasing the time all 
monomer molecules can reach all active sites on the backbone until 60 min its gave the 
best yield of grafting, after that all active sites were covered and concentration of all 
reaction species became less this lead to low yield of grafting and almost remaining 
constant with increasing time, [67] this explanation agree with Fig. (23).     
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Figure 23 Effect of reaction period on the % of grafting and efficiency. AN 8 ml, H2O2 0.03 M, Temperature 75 
°C, Fe+2 0.3 mmol. 
 
5.2.5 Effect of the amount of catalyst  
Small amount of ammonium ferrous sulphate [(NH4)2SO4.FeSO4.6H2O] witch is catalyst 
of grafting reaction was enough for the best yield of product as we see in Fig. (24), 0.306 
mmol from catalyst gave 81% of grafting product, this yield decrease with increasing of 
this amount of catalyst we can attributed that to presence of huge number of radicals due 
to hydrogen peroxide decomposition enhancement by the catalyst this lead to termination 
of reaction by reaction of radicals together and yield will decrease. [45, 68] 
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Figure 24 Effect of the amount of catalyst Fe+2on the % of grafting.AN 8 ml, H2O2 0.03 M, Temperature 75 °C, 
60 min 
 
5.3     Preparation of poly-(amidoxime) resin 
The AN-DPWF grafted copolymer that contain nitrile group was treated by 
hydroxylamine hydrochloride at pH=11 to convert the nitrile to amidoxime. This reaction 
was done for 3 hours, temperature 75°C and the ratio between grafted copolymer and 
hydroxylamine 1:1 in methanolic solution, the mechanism of this conversion showed in 
Fig. (25).  
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Figure 25 Reaction mechanism of preparation of poly amidoxime resin. 
 
5.4     Characterization of AN-DPWF grafted copolymer and resin 
FT-IR spectra was obtained for DPWF, grafted copolymer and amidoxime resin to 
confirm the completion of polymerization and conversion to chelating resin. From Fig. 
(26) we can see the same characteristic adsorption bands for DPWF such as broad 
adsorption band between 3000–3500 cm-1 assigned to O-H stretching vibration and bands 
appeared at 2900  and 1020 cm
-1
 for  C-H  stretching and bending modes, respectively. 
Avery characteristic adsorption at 2240 cm
-1
 for C≡N stretching modes to confirm the 
presence of acrylonitrile onto the backbone of DPWF and grafting reaction complete. 
[40] This band was disappeared completely after conversion to amidoxime resin and new 
adsorption band formed at 1650 cm
-1
 associated to C=N vibration of amidoxime group. 
Another adsorption band observed at 941 cm
–1
 may be assigned to the N–O bond of the 
oxime group. [69] Scanning electron microscope (SEM) images were taken for DPWF 
before and after polymerization to investigate the changes on morphology of the fiber 
surface, Figs. (27) and (28) showed the surface of the fiber before and after grafted 
polymerization, respectively. All pours on the DPWF surface were covered by poly 
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acrylonitrile (PAN) via chemical bond and provide homogeneous surface with less 
porosity. 
 
Figure 26 FTIR DPWF fiber (top- gray), PAN-g-DPWF fiber (middle - blue) and resin containing amidoxime 
groups (Bottom – orange) 
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Figure 27 Scanning electron micrographs of DPWF before grafting, SEM MAG. (1.36 KX) 
 
  
 
Figure 28 Scanning electron micrographs of DPWF after grafting, SEM MAG. (1.47 KX) 
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5.5     Effect of initial pH 
Batch technique was conducted to investigate the optimum pH for removal heavy metals 
using amidoxime chelating resin. The concentration of the counter ions on the resin, 
ability of ionization and solubility of adsorbates all these depend on pH. [51] wide range 
from 1.0 to 6.0 was used to get the optimum pH with constant concentration of metals 
and same dosage of resin at 25 °C. The adsorption of lead (II), Cr (III) and Cd (II) was 
maximum in the pH=5.0 as we see in Fig. (29). 
 
Figure 29  Effect of  pH on the adsorption of (Pb+2) (Cr+3) and (Cd+2) ions, dosage of chelating resin 1g ions 
concentration 50 mg/L, time  60 min, and temperature 25 °C. 
 
5.6    Effect of contact time and initial concentration  
The contact time is one of important parameter to study, its affect clearly in adsorption of 
heavy metals onto chelating resin, from Fig. (30) we can see that the adsorption of heavy 
metals increase with increasing of the contact time, also the adsorption is fast in the 
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beginning until reach equilibrium at 35 min after that the value of qt (mg/g) remain 
constant, this can be attributed to the availability of active sites on the surface of 
chelating resin in the beginning of reaction. [55] Initial concentration of metals under 
study lead (II), Cr (III) and Cd (II) was effect on removal of these metals, increasing of 
metal ion initial concentration increase the amount of metal ions adsorbed qt (mg/g). This 
can illustrate by ratio of available surface to initial metal ion concentration, on higher 
concentration this ratio was low and it increase in the lower concentration, then the initial 
concentration effect on removal of heavy metals. [70]  
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Figure 30 Effect of contact time on (A) lead (II), (B) Cr (III) and (C) Cd (II) adsorption at different initial feed 
concentration, solution pH 5, and temperature 25 °C. 
 
 
5.7     Effect of adsorbent dosage 
The amidoxime chelating resin dosage was been investigated for given initial 
concentration to determine the efficiency of resin, adsorption of lead (II), Cr (III) and Cd 
(II) was studied with different dosage of resin and 50 mg/L as initial concentration of 
metals at 25 °C and pH=5. As we see in Fig. (31) the percentage of removal from 61.1% 
to 87.84% for Lead (II), from 49.94 to 71.50 % for chromium (III) and from 50.26 to 
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67.48 for cadmium (II) when the resin dosage increase from 0.05 g/L to 0.2g/L, the huge 
surface area and number of active sites provided by high dosage of resin to constant 
concentration of metal ions solution could be a good explanation for increasing of 
percentage of removal. Eq. (5.1) used to calculate the percentage of removal using this 
resin. [52, 54, 71] 
             
     
  
                                                                                          (5.1) 
 
 
Figure 31 Effect of adsorbent dosage on adsorption of lead (II), Cr (III) and Cd (II), initial concentrations 50 
mg/L, time 60 min, solution pH 5, and temperature 25 °C. 
 
5.8     Adsorption kinetics 
To investigate the adsorption mechanism and reaction pathways some adsorption kinetic 
studies were conducted, various kinetic models were applied to analyse the adsorption 
process of   lead (II), Cr (III) and Cd (II) onto chelating resin such as "pseudo first- order, 
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pseudo-second-order and intraparticle diffusion". Models with high correlation 
coefficients (R
2
) may describe the adsorption of metal onto chelating resin. 
5.8.1   The pseudo-first-order model 
The "pseudo-first-order kinetic model", illustrate the adsorption mechanisms in solid–
liquid systems, is generally expressed as: 
                  
     
     
                                                                                     (5.2) 
Where k1 is the rate constant of "pseudo-first-order "adsorption (per minute) and qt and qe 
are the quantity of metal ions adsorbed (milligrams per gram) at time t, and at 
equilibrium, respectively. [56, 71] The plots of log (qe – qt) versus t demonstrated in Fig. 
(32), give the value rate constant k1 and adsorption density qe from the slope and intercept 
respectively (Table 4), bad linearity was obtained for this model this was clear from the 
values of correlation coefficients (R
2
) it was low for different concentrations. Moreover 
there was no any agreement between the experimentally observed equilibrium adsorption 
(qe, exp) and that derived theoretically (qe, cal), that means the adsorption of metal ions 
onto chelating resin kinetic data were not fitted with the "pseudo-first-order kinetic 
model". 
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Figure 32 Lagergren first-order plot for adsorption of (A) Pb (II), (B) Cr (III), and (C) Cd (II) on amidoxime 
chelating resin for different initial feed concentration at pH 5 and temperature 25 °C. 
 
5.8.2   The pseudo-second-order equation 
The "pseudo-second-order adsorption kinetic" rate expressed as: 
   
  
          
2       
                                                                                                    (5.3) 
Where k2 is the rate constant of the "pseudo-second-order" sorption (g/mg.min), qe and qt 
are the sorption capacity at equilibrium and time t (mg/g), respectively. For the boundary 
conditions t = 0 to t = t and qt = 0 to qt = qt, the integrated form of Eq. (5.3) will be as: 
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Equation (5.4) can be expressed as: 
 
  
 
 
     
 
 
  
                                                                                                                (5.5) 
The initial adsorption rate, h (milligrams per gram per minute) is given as: 
                                                                                                                                (5.6) 
Eq. 5.5 also can be written as: 
 
  
 
 
 
 
  
  
                                                                                                                       (5.7) 
The plots of t/qt versus t from Eq. (5.7) at different concentrations of lead (II), Cr (III) 
and Cd (II) showed in Fig. (33). from slope and intercept we calculated the adsorption 
parameters qe (Cal.) and k2 respectively, table (4). The high linearity of the plots indicated 
by values of correlation coefficients (R
2) (≥ 0.99) means that the adsorption kinetics 
between amidoxime chelating resin and heavy metals can be described using "pseudo-
second-order adsorption kinetic model", moreover the good agreement between (qe, Cal) 
and (qe, Exp), gives further evidence for the fitting of the adsorption data, that means the 
adsorption of heavy metals onto amidoxime chelating resin  done through chemical 
interaction between adsorbent and adsorbate. [5, 72, 73] 
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Figure 33 Pseudo-second-order kinetic plot for adsorption of (A) Pb (II), (B) Cr (III), and (C) Cd (II) on 
amidoxime Chelating resin for different initial feed concentration at pH 5 and temperature 25 °C.  
 
5.8.3   The intraparticle diffusion model 
Adsorption mechanism and intra-particle diffusion rate determent step of lead (II), Cr 
(III) and Cd (II) onto chelating resin was identify using Weber and Morris model, the rate 
constant for intra- particle  (kid ) can expressed as: 
        
                                                                                                              (5.8) 
Fig. (34) demonstrate the plots of qt versus t
1/2
 we can see clearly all lines for different 
concentrations don't pass through the point of origin, that indicate the difficulty of 
prediction the mechanism of the hole process  and its seems to be very complex. [53, 56] 
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Figure 34 Intraparticle diffusion kinetic plot for adsorption of (A) Pb (II), (B) Cr (III), and (C) Cd (II) on 
amidoxime Chelating resin for different initial feed concentration at pH 5 and temperature 25 °C. 
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Table 4 Kinetic constant parameters obtained for heavy metal adsorption on polyamidoxime resin. 
Metal  Pseudo-first order Pseudo-second order Intraparticle diffusion model 
Ci(mg/
L) 
qeexp(
mg/g) 
K1(10
-3
)(min
-1
) qecal(
mg/g) 
R
2
 K2(
10-2
) 
(g/mgmin) 
qe 
,cal(mg/g)  
h  
(g/min) 
R
2
 Kid(mg/gmin) C 
(mg/g) 
R
2
 
Pb(II) 70 22.40 41.22 518.8 0.976 0.30 17.95 0.97 0.996 2.262 5.39 0.992 
50 23.90 32.70 226.01 0.976 0.40 27.03 2.91 0.992 1.733 10.52 0.990 
30 13.81 53.19 363.09 0.981 0.24 27.85 1.82 0.990 1.567 2.11 0.979 
Cr(III) 70 19.58 62.87 1659.7 0.880 0.08 32.79 0.89 0.974 2.929 1.63 0.965 
50 16.39 33.85 111.88 0.994 0.93 17.64 2.89 0.995 0.856 9.64 0.986 
30 10.72 29.48 43.58 0.974 0.31 14.47 0.64 0.970 1.259 1.08 0.988 
Cd(II) 70 16.24 45.14 832.60 0.937 0.399 36.49 0.53 0.947 2.745 3.99 0.983 
50 15.54 53.19 19.13 0.921 1.10 16.86 3.14 0.998 0.808 9.54 0.977 
30 8.92 51.82 72.31 0.924 0.503 11.48 0.66 0.986 0.977 1.66 0.967 
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5.9    Adsorption isotherm models 
The adsorption efficiency of poly amidoxime chelating resin toward heavy metals was 
tested using some isotherm models, it describe the partition of adsorbate molecules at 
equilibrium between solid and liquid phase. "Langmuir and Freundlich adsorption 
isotherm models" were used to determine the adsorption capacity of amidoxime chelating 
resin towards lead (II), Cr (III) and Cd (II).  
5.9.1 The Langmuir isotherm model 
The Langmuir model assume that the monolayer adsorption process take place between 
adsorbate and adsorbent and the surface is homogenous with finite number of active sites 
when sites filled with adsorbate molecules there was no chance to further adsorption on 
this site and saturation point was achieved. [74] The linear equation expressed as: 
  
  
 
 
    
 
  
  
                                                                                                               (5.9) 
Where Ce is the equilibrium concentration (mg/L) of metals in solution, qe is the amount 
of metal ions adsorbed (mg/g) at equilibrium, KL is Langmuir equilibrium constant 
(L/mg) and it’s related to the affinity of adsorption sites and qm gives the maximum 
theoretical monolayer adsorption capacity (mg/g). The values of qm and KL (Table 5) 
were obtained from slope and intercept respectively of plots of Ce/ qe versus Ce which 
demonstrated in Fig. (35). the linearity and high values of correlation coefficients (R
2
) 
indicate that the Langmuir model can describe the adsorption process very well and 
confirm the formation of monolayer. Weber and Chakkravorti [62] defined the separation 
factor (RL) as a characteristic dimensionless equilibrium parameter for Langmuir model 
and expressed as: 
93 
 
   
 
      
                                                                                                                  (5.10) 
The values of RL for each initial concentration (Table 5) was less than unity and greater 
than zero indicate the favourable adsorption of lead (II), Cr (III) and Cd (II) on poly 
amidoxime chelating resin. [53] 
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Figure 35 Langmuir adsorption isotherms for adsorption of (A) Pb (II), (B) Cr (III), and (C) Cd (II) on 
amidoxime chelating resin, pH 5 and temperature 25 °C. 
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5.9.2   Freundlich isotherm model 
The "Freundlich model" always used to describe adsorption in heterogeneous surface of 
an adsorbent. [75] Different initial concentrations of heavy metals under study were used 
with fixed dosage of amidoxime resin to obtain the equilibrium data, Freundlich isotherm 
model expressed as: 
            
 
 
                                                                                                      (5.11) 
 
Where Kf (mg/g) and n (g/L) are Freundlich adsorption constants, the plot of Lnqe 
against lnCe Fig (36) gave straight lines and from slope and intercept of those lines we 
calculate the values of   n and Kf respectively (Table 5). Bad linearity and low values of   
correlation coefficient (R
2
) indicate disagreement between equilibrium data and this 
model, values of n more than unit means favourable adsorption condition and lead (II), Cr 
(III) and Cd (II) are favourably adsorbed by prepared amidoxime resin. [64] 
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Figure 36 Freundlich adsorption isotherms for adsorption of (A) Pb (II), (B) Cr (III), and (C) Cd (II) on 
amidoxime chelating resin, pH 5 and temperature 25 °C. 
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Table 5 Langmuir and Freundlich isotherm constants for Lead (II), Cr (III) and Cd (II) adsorption on amidoxime Chelating resin 
Metal 
 
T (k) 
 
Langmuir isotherm constants Freundlich isotherm constants 
qm (mg/g) KL (L/mg) RL R
2
 1/n n KF R
2
 
Pb(II) 298.16 39.68 4.340 0.005 0.9973 0.06 17.98 47.04 0.8208 
Cr(III) 298.16 22.52 0.214 0.086 0.9876 0.44 2.28 110.87 0.9760 
Cd(II) 298.16 21.50 0.183 0.098 0.9957 0.50 2.00 132.70 0.9925 
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Conclusion  
In this work grafted copolymerization was done for date palm wood fibre with some 
vinyl monomers using hydrogen peroxide as initiator and ammonium ferrous sulphate as 
catalyst, all parameters of grafting were studied to obtain the best percentage of grafting, 
this percentage depend on temperature of reaction, reaction period, amount of catalyst, 
concentration of initiator and volume of monomer. For methyl acrylate monomer the best 
temperature of reaction was 90 °C, reaction was done for 2 hours using 8ml of the methyl 
acrylate monomer, 0.15 mmol of catalyst and the concentration of hydrogen peroxide was 
0.03M. On the other side the best yield of grafting using acrylonitrile monomer obtained 
with 8 ml of monomer, 0.306 mmol of catalyst, 0.03 M of hydrogen peroxide and 
reaction was done for 60 min at 75 °C. The grafted product was characterised using FT-
IR and SEM techniques.Both grafted copolymers of MA and AN were treated with 
hydroxylamine to give poly-hydroxamic acid and poly-amidoxime chelating resins 
respectively. FT-IR technique used to confirm the process of conversion. The adsorption 
capacities of both resins towards heavy metal ions was studied using batch technique. 
The optimum pH of adsorption for both metals was found at range 5-6. Poly-hydroxamic 
acid resin showed better adsorption behaviour than poly-amidoxime resin in adsorption of 
lead (II), Cr (III) and Cd (II) from aqueous solution. By applying some kinetics models 
we found that the "pseudo-second-order model" describe the adsorption process very well 
for both resins. "Langmuir and Freundlich isotherms models" were applied for 
experimental data and it found obey Langmuir isotherm with best correlation coefficient 
above 0.99 for both resins. 
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